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DRAG AND STABILITY CHARACTERISTICS OF A VARIETY OF REEFED AND
UNREEFED PARACHUTE CONFIGURATIONS AT MACH 1.80 WITH AN
EMPIRICAL CORRELATION FOR SUPERSONIC MACH NUMBERS

By Lana M. Couch
Langley Research Center

SUMMARY

An investigation was conducted at Mach 1.80 in the Langley 4-foot supersonic pres-
sure tunnel to determine the effects of variation in reefing ratio and geometric porosity
on the drag and stability characteristics of four basic canopy types deployed in the wake
of a cone-cylinder forebody. The canopy designs included cross, hemisflo, disk-gap-band,
and extended-skirt canopies; in addition, modular cross and standard flat canopies and a
ballute were investigated.

In general, the drag coefficients increased with increasing constructed reefing ratio
and with increasing geometric porosity for the test range of porosities regardless of
canopy design. Photographic data showed that, for all the canopies, the inflated reefing
ratio attained during the test increased with increasing constructed reefing ratio. How-
ever, for the cross and hemisflo canopies, plateaus were reached such that further
increases in constructed reefing ratio resulted in no substantial increases in inflated
reefing ratio or drag coefficient.

In general, the canopies were fairly stable, with the exception of the cross canopies
which experienced large drag variations due to both breathing and squidding of the canopy
and coning motions of the parachute. Almost all the canopies exhibited some breathing
and coning motions, but their amplitudes were less than those of the cross canopies.

An empirical correlation which provides a fair estimation of the drag coefficients
in transonic and supersonic flow for parachutes of specified geometric porosity and reef-
ing ratio was determined from the wind-tunnel data. Examination of the experimental
measurements indicated that the parameters having the dominant effects on drag coeffi-
cient are reefing ratio, geometric porosity, and Mach number. Other variables, such as
canopy type, dynamic pressure, and stiffness, apparently had only a minor influence on
the drag coefficient.



INTRODUCTION

The supersonic aerodynamic characteristics of flat plates normal to the flow, con-
vex and concave hemispherical models, and blunt-nose rigid models have been docu-
mented from wind-tunnel data (refs. 1 to 4) and can, in many cases, be theoretically pre-
dicted. Decelerators often have configurations which are similar in shape to the models
previously mentioned, but are flexible and rarely have a steady-state or fixed geometry.
Consequently, investigations of decelerators are generally conducted on flexible models
in wind tunnels or free flight to determine their aerodynamic characteristics. Unfor-
tunately, these investigations are usually limited to a small number of configurations and,
therefore, do not provide sufficient data for a parametric analysis.

The present investigation was conducted to provide systematic parachute design
information on the effects of variation of reefing ratio and geometric porosity on the drag
and stability characteristics of four basic canopy designs deployed from a cone-cylinder
forebody into supersonic flow. The four types of canopies were cross, hemisflo, disk-
gap-band, and extended skirt. In addition, a larger diameter hemisflo, modular cross
and standard flat parachutes and a ballute were investigated. The experimental data,
obtained at a Mach number of 1.80, were empirically correlated and a Mach-number var -
iation was superimposed which resulted in an equation for predicting drag coefficient
based on reefing ratio, geometric porosity, and Mach number.

The configurations were tested in the Langley 4-foot supersonic pressure tunnel at
a free-stream Mach number of 1.80 and a dynamic pressure of 12.1 kN/mz. The per-
formance characteristics obtained included quantitative drag and stability data and qual-
itative flow field and stability characteristics.

SYMBOLS

. 7Dg?

Ag exit area of canopy, 7 2
. o 7D;?

Ay inflated minimum -inlet area of canopy, —4—1-
Ag nominal area of canopy
CD.1 drag coefficient based on inflated minimum-inlet area of canopy,

Time-averaged drag force
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Time -averaged drag force

drag coefficient based on nominal area of canopy, Y
440

maximum forebody diameter

time -averaged, inflated, minimum-inlet diameter, measured from lateral
view of canopy

time-averaged, inflated, maximum canopy diameter, measured from lateral
view of canopy

[4A
nominal constructed diameter of canopy, -—n—o

drag force

free-stream Mach number

free-stream stagnation pressure

free-stream dynamic pressure

Reynolds number

time

longitudinal distance from forebody base to plane of canopy inlet

geometric porosity of canopy

reefing ratio,

Constructed inlet diameter
Do

constructed reefing ratio,

D:
inflated reefing ratio, 1

Dmax




WIND TUNNEL AND INSTRUMENTATION

The investigation was conducted in the Langley 4-foot supersonic pressure tunnel at
a free-stream Mach number of 1.80 and a stagnation pressure of 31.0 kN/m2, This con-
tinuous flow wind tunnel has a stagnation pressure range from approximately 21 to
207 kN/m2 at a stagnation temperature of 316.7 K, Discrete Mach numbers can be
obtained from 1.41 to 2.20 by using interchangeable nozzle templates.

The data acquisition system consisted of a six-component strain-gage balance and
transducers which transmitted electrical outputs to self-balancing potentiometers. The
outputs were then digitized and punched into cards. Reference pressures were mea-
sured on precision mercury manometers, Output from all six components of the balance
was recorded; however, only the axial-force data are presented. The maximum rated
loading capacity of the axial beam of the balance was 889.6 N. This maximum capacity
was considerably higher than the average load obtained, but was needed to accommodate
the excursions which resulted from parachute dynamics.

An oscillograph, which recorded the time history of the dynamic response of the
balance axial beam, was started immediately before deployment and recorded for about
60 sec. High-speed, black and white schlieren movies, which recorded for 16 sec at
1000 frames per second, and 16 mm color movies, which recorded for 40 sec at
400 frames per second, were obtained simultaneously with the force data.

APPARATUS

The parachutes and ballute were tested downstream of a cone-cylinder forebody,
which was supported in the center of the test section by two tapered struts. The struts
were mounted to the tunnel sidewalls in the upstream region of the test section., Photo-
graphs of the installation and sketches of the forebody and strut geometry are presented
in figures 1 and 2, respectively. The stainless steel forebody had a fineness ratio of 9.6:
a maximum diameter of 6.1 cm and 57.8 cm in length, A band of 0.03-cm-particle-size
grit was placed 2.54 cm downstream of the forebody conical apex in order to insure early
boundary-layer transition to turbulent flow. The boundary-layer transition and the grit
size were determined according to the criteria of references 5 and 6, respectively.

Each steel supporting strut was welded to a plate which was bolted to the tunnel
sidewall. The plate was 56.4 cm in length and had a maximum width of 15.2 em. The
apex angle of the conical-wedge section of the plate (2,49) and the thickness of the plate
(1.3 cm) were held as small as possible to minimize the effect of supporting structure on
the flow field of the decelerators. The boundary-layer thickness on the test-section wall
in the region of the supporting structure was approximately 7.62 cm; therefore, the plate




thickness was approximately 17 percent of the total boundary-layer thickness. Each
tapered strut, a wedge —flat-plate—wedge cross-sectional design, had 64.5 cm semispan,
20.3 cm chord at the test-section wall, and 10.2 cm chord at the intersection with the
forebody. The struts varied in thickness from 1.3 cm at the test-section wall to 0.6 cm
at the forebody. The total wedge angle at the leading and trailing edges was approxi-
mately 14.30, A groove in the strut surface was provided for pressure tubes and elec-
trical leads to be brought to an external access point in the test-section sidewall.

The decelerators were attached to a balance adapter (fig. 1) with a swivel between
the adapter attachment point and the confluence point of the suspension lines to prevent
wrapping of the lines due to canopy spinning. Swivel failure did occur and the suspension
lines wrapped as shown in figure 3, but those data were not used. Each canopy and its
suspension lines were packed in a cylindrical cloth bag and the opening of the bag was
drawn closed with a 16.0-N line. A 2.5-kN deployment line was attached to the rear of the
bag and routed through the permanent strut assembly and the tunnel wall to the outside.
Therefore, when the desired test conditions were established and all recording instru-
mentation had been prepared, the decelerator was deployed manually by steadily pulling
the deployment line. Photographs of the deployment sequence of a 0.33 -m-diameter
hemisflo parachute are presented in figure 4. The sequence of photographs shows the
bag deployment at t = 0 sec, line snatch or full extension of the suspension lines at
t = 0.023 sec, and the period of canopy inflation between t = 0,028 and 0.043 sec. In
the lower right photograph, the canopy is at a steady condition.

TEST MODELS

The seven decelerator configurations investigated included parachutes with cross,
hemisflo, disk-gap-band, extended-skirt, modular cross, and standard flat canopies and
a ballute. The modular cross parachute was a direct combination of two cross para-
chutes, and the standard flat parachute was a disk-gap-band parachute with the band
removed. The dimensions and design specifications for each type of decelerator are
presented in figure 5 and tables I and II, respectively.

TEST CONDITIONS AND TEST VARIABLES

The configurations were tested at a selected free-stream Mach number of 1.80 and
a free-stream dynamic pressure of 12.1 kN/mz. The extended-skirt canopies were
tested at a reduced dynamic pressure of approximately 6.8 kN/m2 to prevent damage to
the force-balance axial beam due to overloading. The parachutes tested had geometric
porosities which ranged from 0.06 to 0.413 and constructed reefing ratios which ranged



from 0.16 to 0.57. A tabulation of the configurations and parametric variables is pre-
sented in table II.

ACCURACY AND CORRECTIONS

Data obtained with the force balance and recording system used in this investiga-
tion are normally determined to be accurate to 0.5 percent of the maximum capacity
of the beam. Therefore, since the maximum loading capacity of the axial beam was
889.6 N, the accuracy of the drag measurements in this investigation would be 4.45 N,
It should be noted that this accuracy specification is intended for a steadily applied
load — not for the extensive dynamic loading applied to the beam by a parachute. How-
ever, it is the opinion of the instrumentation specialists that the lag time is negligible
for the frequencies experienced. The uncorrected measurements were recorded at
intervals of approximately 10 sec over a period of approximately 1 min, These mea-
surements were then averaged and compared with the average uncorrected drag value
determined from the continuous oscillograph trace, which provided an immediate check
on the method of random acquisition of the uncorrected drag data. The values of drag
coefficient were corrected for the drag force acting over the balance base area., Mea-
surements taken from the film are accurate to 0.03 cm. The accuracies of other para-
meters are:

1 +0.,005
pp, kN/m2 . . ... ... +0.14
q, kN/m2 . .. ..... +0.14

RESULTS AND DISCUSSION

Force-Balance Drag Data of the Various Parachutes

The variation of drag coefficient with constructed reefing ratio is presented in
figures 6(a) to 6(d) for each of the various canopy types with a summary plot of all con-
figurations in figure 6(e). The drag coefficients for the cross and modular cross can-
opies were computed using the fabric surface area; whereas, for all other canopies the
nominal area was used. The unreefed configurations are plotted at £sopst = 1.0. In
general, the drag coefficient increases with both increasing constructed reefing ratio and
geometric porosity for the test range of parameters, but at different rates of increase
for the various canopy types, as indicated by the faired data. It should be noted in fig-
ure 6(d) for the disk-gap-band canopies that the drag coefficient obtained for the unreefed
0.125-geometric-porosity parachute is substantially lower than the drag coefficients
obtained for the 0.06- and 0.20-geometric-porosity parachutes.
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Several parachutes were modified during the investigation to determine the effects
of the various structural alterations. Decreasing the suspension line length from 1.4Dg
to 1.0Dg (x/d from 8.40 to 6.38) for the cross parachute (configuration 23) resulted in a
slight increase in the drag coefficient. However, a modular cross parachute constructed
from two cross parachutes and having twice as many suspension lines as a cross para-
chute produced a drag coefficient that was approximately 50 percent lower than the value
obtained for the cross parachute of the same reefing ratio.

The 0.33-m-diameter hemisflo parachute (configuration 42 in fig. 6(b)) was unreefed
and trailed the forebody at a value of x/d of 10.42 in contrast to 7.65 for the other
hemisflo canopies. The drag coefficient was about 30 percent higher for the large
unreefed hemisflo parachute than for the smaller parachutes. Removing the meridional
tapes from the vent of configuration 29 resulted only in a very slight increase in drag
coefficient.

In figure 6(d), configurations 32 and 34, which were reefed on the leading edge of
the disk, showed only very slight increases in drag coefficient over the comparable con-
figurations which were reefed on the leading edge of the band.

Variations of the parachute steady-state drag coefficients with Mach number,
obtained both from the present investigation and from other sources, including unpublished
data obtained in 1969 at the Arnold Engineering Development Center (AEDC) for the
U.S. Air Force, are presented in figure 7. Cross parachute configurations (fig. 7(a))
having reefing ratios greater than 0,40 were compared with unreefed configurations of
other investigations, since no unreefed cross parachutes were tested in this investigation.
This comparison was reasonable since photographic data showed that these configurations
had reefing line lengths that would allow an inlet diameter greater than the maximum
inlet diameter assumed by the canopy in the wind tunnel. All the reefed configurations
presented had constructed reefing ratios of 0.273, and the parachutes ranged in construc-
ted diameter from 0.305 to 3.05 m. All the cross parachute data are in good agreement
with the data of reference 7 and from AEDC, with the exception of configuration 2 which
had a drag coefficient about 20 percent higher than the unreefed parachute data.

The drag coefficients obtained for the unreefed hemisflo parachutes (fig. 7(b)) also
are in agreement with the trend established by the data of references 8 to 10. The geo-
metric porosities of the parachutes represented in this figure range from 0.085 to 0,197
with variations in canopy diameter from 0.305 to 1.83 m.

The variation of drag coefficient with Mach number for the unreefed disk-gap-band
parachutes is presented in figure 7(c). The data obtained for the 0.125-geometric-
porosity parachute of the present investigation are in agreement with the trend established
by the data of references 11 and 12, However, the data of reference 13, which were
obtained for a 0.125-geometric-porosity parachute, and the 0.06- and 0.20-geometric



porosity data of the present investigation have a somewhat higher level. The basic prob-
lem in the comparison of drag coefficients obtained for different size models of a given
type of parachute is the difficulty in thorough geometric scaling of the models. This
problem may account for the difference in levels of drag coefficients obtained for the
0.125-geometric-porosity, unreefed disk-gap-band parachutes in figure 7(c).

Dynamic Behavior of Parachutes Determined From Photographic Data

General comments on the dynamic behavior of the different types of parachutes are
presented in this section; detailed descriptions of the dynamic behavior of the various
configurations are included in appendix A, All comments made about the dynamic behav -
ior of the various types of parachutes are based mainly on the photographic data; however,
visual observations made during the investigation are also included (tables IIL, IV, and V),
Effects included in the discussion of the dynamic behavior are breathing, coning, spinning
motions, and the overall stability of the parachute. As was discussed in reference 13, the
frequencies of the angular motions of parachutes incurred in the wind tunnel are generally
much higher than those incurred in free-flight testing and may be inversely proportional
to the canopy diameter, However, the amplitudes of the angular motions of the model
parachutes (table IV) are similar in magnitude to the free-flight results on the large
parachutes.

Continuous oscillograph traces of the direct output from the force-balance axial
beam are presented for each configuration in figure 8. In general, these traces include
the deployment sequence — consisting of bag deployment, line snatch, inflation period,
and "'steady-state,”” uncorrected drag data. A typical annotation of one trace (configura-
tion 8) is shown in figure 8(a). This output obtained at q = 12.1 kN/m2 indicated that,
dynamically, the maximum loading capacity of the axial beam had been exceeded for this
parachute which had the lowest reefing ratio of all the extended-skirt canopies. There-
fore, in order to reduce the balance loading, all the extended-skirt canopies, including
configuration 8, were tested at q = 6.8 kN/m2 (fig. 6(e)). The spurious markings on
these oscillograph traces result from the light sensitivity of the recording paper on which
any wrinkle or fold in the paper results in a mark.

The oscillograph traces are included for the purpose of comparison of the dynamic
behavior during steady-state testing of the various configurations. Although the results
of the deployment method used in the wind tunnel are shown in these traces, no attempt to
analyze deployment loads or times is included, since parachute deployment of a small
model in a wind tunnel is not comparable with the deployment of large parachutes in free
flight.

Cross canopies.- All the cross canopies were reefed even though the reefing line

was sometimes too long and, therefore, ineffective. The cross canopies were consistent




in their behavior in that all but one configuration tended to be somewhat unstable due to
breathing, coning, and spinning motions. The breathing frequency was sporadic, varying
from approximately 70 to 125 Hz; the coning frequency was fairly constant at approxi-
mately 20 Hz; and the spinning frequency was approximately 20 Hz,

Modular cross canopy.- There was very little coning and no apparent breathing for
the modular cross canopy. The canopy and suspension lines were stable and there was
no determinable variation in the canopy diameter.

Hemisflo canopies.~ The hemisflo canopies, which had geometric porosities of
0.085 and 0.147, were stable with little or no coning or spinning. Although the breathing
frequencies of the hemisflo canopies were large (varying from approximately 100 to
200 Hz), the amplitude of the motion was quite small.

Extended-skirt canopies. - The extended-skirt canopies were fairly stable, had only
small amplitudes due to the motions of breathing and coning, and did not spin, The
breathing frequency varied from approximately 125 to 200 Hz, and the coning frequency
varied from approximately 56 to 83 Hz.

Disk-gap-band canopies. - The disk-gap-band canopies, which had geometric poros-
ities of 0.06, 0.125, and 0.20, were generally quite stable, had only small amplitudes due
to breathing and coning motions, and did not spin. The breathing frequencies varied from
approximately 100 to 200 Hz, and the coning frequency was approximately 56 Hz, Several
canopies did oscillate slightly about the spin axis.

Standard flat canopy.- The standard flat canopy, consisting only of the disk irom a
disk-gap-band canopy, was investigated to determine the effect of the band on stability.
The parachute was extremely unstable, and the erratic behavior precluded the determina-
tion of specific frequencies.

Ballute.- The ballute (configuration 35) was quite stable with no spinning or oscilla-
tion about the spin axis and very little breathing or coning., The breathing and coning
frequencies were approximately 20 and 45 Hz, respectively. Unlike the majority of the
parachutes, the ballute and meridional tape extensions generally remained alined with the
direction of the free-stream flow when coning and the coning angle was formed only by the
riser line. Shortly after deployment of the ballute, the structure around the apex fatigued
somewhat and the 900-design apex angle changed to approximately 809, but there was no
apparent effect on the stability. Before and after the change in the apex angle, the ballute
was quite well inflated both ahead of and behind the inlet band. The retention cord which
secured the leading edge of the inlet band was either defective or of insufficient strength,
since it failed a few seconds after deployment. The vent holes, which had been under the
inlet band and subjected to stagnation pressure, were then subjected to a much lower pres-
sure. Nevertheless, the ballute remained well inflated and was still quite stable.



Description of Shock-Wave Patterns of Parachutes

General comments on the shock-wave patterns, which were observed in the high-
speed schlieren movies of the different types of parachutes, are included in this section.
The detailed descriptions of the shock-wave patterns of the various configurations are
included in appendix B. Schlieren photographs which show the typical shock-wave pat-
tern of each parachute are presented in figure 9.

Although the shock-wave patterns were dominated by changes both in canopy diam-
eter due to breathing and in canopy asymmetry due to coning, the shock-wave pattern for
most of the parachutes generally consisted of two main shock waves, as shown in fig-
ure 9(a) at four different times during the test of configuration 3. The upstream shock
wave had a conical shape with changing virtual apex angle that increased with increasing
suspension-line included angle (i.e., increasing canopy diameter) and decreased with
decreasing suspension-line included angle (i.e., decreasing canopy diameter). The
downstream shock wave consisted of either a conical shock wave attached to the canopy
inlet lip or a bow shock wave standing at the canopy inlet curving to a conical shock wave
downstream of the canopy.

Cross canopies.- The general instability of the cross canopies resulted in consid-
erable asymmetry in the shock-wave patterns. However, during their short periods of
stability, the cross canopies had the double shock-wave pattern described above, In
addition, during canopy breathing, for canopies with reefing ratios greater than about

0.40, the downstream shock wave sometimes moved inside the canopy (i.e., was swal-
lowed) when the inlet approached its maximum opening and then popped out as the inlet
opening decreased in size, as shown for configuration 3 in figure 9(a).

Modular cross canopy.- The modular cross canopy had the same double shock-wave

pattern described previously. The downstream shock wave was a bow shock just ahead
of the canopy inlet.

Hemisflo canopies. - The hemisflo canopies had the same double shock-wave pat-

tern which has been described previously and is shown in figure 9(b) at four different
times during the testing of configuration 18. For canopies reefed at the lower reefing
ratios (e.g., below about 0.30) the downstream shock wave generally had been swallowed
by the canopy.

Extended-skirt canopies.- The extended-skirt canopies (fig. 9(d)) had the double
shock -wave pattern with an additional shock wave which occasionally appeared on the
canopy due to some asymmetry in the canopy contour. Also, the longitudinal movement
of the upstream shock wave was more extensive for the extended-skirt canopies than for
the cross or hemisflo canopies.
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Disk-gap-band canopies.- The shock-wave pattern for the disk-gap-band canopies

(fig. 9(c)) generally consisted of three shock waves: a conical shock wave from the sus-
pension lines, a conical or bow-conical shock-wave combination from the band inlet, and
a conical or bow-conical shock-wave combination from the disk inlet. Occasionally, a
fourth shock wave formed due to canopy asymmetry or band-disk misalinement.

Standard flat canopy.- The standard flat canopy shown in figure 9(c) at four differ-
ent times during the test, had the basic double shock-wave pattern. However, because of

the instability of this parachute, many variations occurred in the shock-wave pattern.

Ballute. - Configuration 35, shown in figure 9(e) at four different times during the
test, had a triple shock-wave pattern: a conical shock wave from the riser line between
the swivel and confluence point, a bow-conical combination shock wave from near the
iniet, and a bow-conical shock wave from the band region. Shortly after deployment, the
angle of the shock wave from the inlet decreased slightly due to the change in the ballute
apex angle, which was discussed previously.

The retention cord failure, also discussed previously, which forced the inlet band
back against the surface of the ballute exposing the inlet holes, resulted only in a weak-
ening of the shock wave emanating from the band. There was no significant change in the
degree of inflation or shape of the ballute due to the decreased pressure at the inlet holes
and, therefore, very little change in the shock-wave pattern.

Discussion of Empirical Correlation of Measured Force Data

The drag-coefficient data obtained in this investigation were examined for relation-
ships with constructed canopy parameters. Although systematic variations of the experi-
mental data with construction changes were observed in the data, these variations could
not be directly defined by use of constructed canopy parameters. Therefore, the approach
to analyzing the data was to determine empirically at M = 1.80 the relationships between
inflated and constructed canopy parameters, the relationship of the drag-coefficient data
to the inflated canopy parameters, and consequently the relationship between the drag-
coefficient data and the constructed canopy parameters. Finally, the empirical prediction
was extended to include Mach number effects. This approach to the data analysis was
possible since an extensive photographic record — including both high-speed color and
schlieren movies — had been obtained throughout the investigation. Tabulations of para-
chute geometric characteristics and all quantities which were measured from the film are
presented in tables II to V.

The standard flat canopy (configuration 40) is not included in the quantitative dis-
cussion because the dynamic motion of the canopy was so violent that a representative
set of measurements could not be obtained from the film. The extended-skirt canopies
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are included when the appropriate parameters are determinable. The data obtained for
the standard flat and extended-skirt canopies are included in the tables.

All the decelerators tested in this investigation had geometrically porous canopies
with the exceptions of the extended-skirt canopies, the standard flat canopy, and the bal-
lute. A porous canopy is merely a flow-through model made of flexible material and, as
such, in supersonic flow would be expected to exhibit consistent variations between cer-
tain aerodynamic characteristics and its inlet-to-exit area ratio. Since the mass flow
through the canopy is related to the area ratio and would be expected to affect the canopy
shape, the area ratio should therefore be related to canopy shape. Since the actual exit
area of the canopy under flow conditions could not be determined, the parameter Aeg
was used which is defined as the product of the geometric porosity and the canopy nom-
inal area for the hemisflo and disk-gap-band canopies. For the cross and modular cross
canopies, Ag is the product of the geometric porosity and the area of the circle having
a diameter equal to the panel length, It should be noted that the geometric porosity does
not account for any contribution to mass flow due to flow through the fabric.

The variation of Aj/Ae with £jnf is presented in figure 10. The inlet area Aj
is the inflated minimum-inlet area of the canopy. A parametric variation of Aj/Ag
with §i,¢ is apparent with geometric porosity as the ordering parameter regardless of
canopy design. It can be seen in figure 10 that at a constant £;,¢, an increase in poros-
ity results in a decrease in this area ratio, as would be expected.

Since in figure 10 the data were parametrically ordered by porosity, they can be
correlated by appropriately including the effect of porosity as shown in figure 11, The
equation

i—le = 0‘7?;i(§inf)3'424 (1)
describes the line which was faired through the correlated data. This equation is, in its
simplest terms, a correlation between the canopy surtace area and the maximum inflated
diameter of the canopy. Therefore, the dependence of Dj/Dg (the ratio of inflated
minimum-inlet diameter to constructed canopy diameter) on £j,¢ can be determined by
substituting the definitions of Aj and Ag into equation (1) and solving for Dj/Dg.

The equation then is

D _ 1.712

B~ 0.569 (£inf) (2)
which represents the bulk of the data quite well as can be seen in figure 12. Since the
relationship between these two diameter ratios (Di/Do and g-mf) is not affected by

porosity, the data for the extended-skirt canopies are included in this figure.
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In order to proceed toward determining the relationship between the constructed
canopy parameters and the drag coefficient